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Sualitatove spectra of ME1 JO, mi (-phenyl 
liC 7 in 1 ,2-dichloromethane. 
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Qualitative spectra of HC57 in chloroform before 
and after exposure to light from a flashgun. 
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Qualitative spectra of 6-p-methoxyphenyl-9-methoxy HC7 in 
toluene before and after exposure to light from a flashgun. 

(Example 13) 
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Qualitative spectra of 6-chloro-HC7 in toluene before and 
after exposure to light from a flashgun. ( Example fc) 
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SPECIFICATION 

Photochromic spiropyran compounds 

Background of the Invention 

This invention relates to photochromic spiropyrans and in particular is concerned with photo- 
chromic spirobenzopyrans and spiro-naphthopyrans which are resistant to fatigue reactions. 

Description of the Prior Art 

U.S. Patent No.3,567,605 (Becker) describes a series of pyran derivatives, including certain 
benzopyrans and naphthopyrans, but not spiro-compounds, which exhibit photochromic proper- 
ties. These compounds can be regarded as derivatives of chromene. Typically, the compounds 
undergo a colourless to yellow-orange change on irradiation by U.V. light. However, the observa- 
tion of this behaviour by Becker was restricted to temperatures below about -40°C and Becker 
reported that the colour change was reversed when the temperature was raised to a temperature 
in the range of — 10°C to 0°C. 



10 



15 



Summary of the Invention 
We have now discovered that a remarkable improvement in the properties of known photo- 
20 chromic chromenes can be secured by introducing a spiro-adamantane group into the 2-position 
of a benzopyran or naphthopyran ring. In particular, the resulting spiro-adamantane compounds 
exhibit photochromic behaviour at higher temperatures than those noted by Becker and also 
show a marked freedom from fatigue or irreversible side reactions. 

The spiro-pyrans of the present invention can be represented in general terms by the following 
general formulae (I), (II) and (III), in which formula (I) represents the 2H- benzopyran series and 
formulae (II) and (III) represent the isomeric naphthopyran series. 
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(in) 

A wide variety of substituents are possible in the benzopyran or napthopyran rings. For 
example, the rings can be substituted in the positions represented by H s to R 0 (or R 3 to R, 0 ) vm 
slkyi. aryi (including substituted] phanyl, e.g. alkoxyphenyS end) halophsnyi}, aEkoxy, (hydroxy, elky- 
or dta'kylarnino (e.g. dimethyismino), eBcyfamino-phanyJ, teSogsn or hstsrocyfic groups, with t'ta 
proviso that hydroxy or alkoxy or alkyl- or dialkylamino may not be a substituent in the R 3 or R 4 
position. Preferred substituents are iower alkyl (e.g. methyl or ethyl), chlorine, bromine, hydroxy, 
phenyl, methoxy, or methoxy phenyl groups, it is also possible to produce related series of 
compounds in which the basic benzopyran or naphthopyran nuclei are annelated with aryl or 
heterocyclic rings, such as a thiopene or furan ring. Such compounds will be described in more 
detail subsequently herein. 

In addition to its beneficial effect in reducing fatigue reactions, the introduction of the spiro-- 
adamantane group tends to cause an increase in the quantum yield for colouring in the U.V. 
region, whilst providing a fast thermal fade at ambient temperature. These properties make them 
good candidates for use in sunglasses, although other photochromic applications are possible, 
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such as those mentioned by Becker in the above cited U.S. Patent. 

Detailed Description of the Invention 
In the following description, reference will be made to the accompanying Figs. 1 to 5 and the 
5 accompanying sheets of formulae drawings. 5 
In the Figures; 

Figure 1 shows the absorption spectra of the compounds obtained in Examples 1, 6 & 7 in 
their colourless states. 

Figure 2 shows the ultra violet and visible spectra of the compound of Example 6 before and 
10 after exposure to a photographic flashgun, 10 
Figure 3 shows the spectra of the compound of Example 8 before and after exposure to a 
photographic flashgun. 

Figure 4 shows the spectra of the compound of Example 13 before and after exposure to liqht 
from a flash gun. 

15 Figure 5 shows the SDectra of the rnmnmmrl rrf Pvamnia 1 a _ 

,. ~ • ■ — • — "f" ■> vwiw.w ui iu at to I OAUUOUID IU St ID 

flash gun. 

In general, the spiropyrans represented by formula (I) exhibit colour changes from colourless to 
yellow-orange in unfiltered sunlight. They tend to show a surface colouring effect in unstirred 
solutions or a surface colouring effect when incorporated in a plastics matrix. The later pheno- 
menon arises because the coloured forms tend to absorb strongly in the near ultra-violet region 20 
(above about 330 nm). As a consequence, the coloured form in a surface layer absorbs the 
incident U.V. light and prevents it penetrating and colouring spirobenzopyrans within the interior 

Benrannelation causes a marked bathochromic shift of the U.V. absorption band in the near 
ultra violet of the colourless form. Thus the naphthopyrans are more sensitive to unfiltered 
sunlight because of their greater cross-capture of U.V. light in sunlight and reduced internal filter 25 
effect which is due to the relatively weaker absorption of U.V. light by the coloured form 
Coloured forms of the naphthopyrans are yellow to orange/red. These naphthopyrans are soluble 
in plastic matenals traditionally used for plastic lenses, such as methyl methacrylate, polycarbo- 
nates and C-39 plastics (see U.S. patent No.2,542,386). Compounds which are currently pre- 
30 ferred for use in sunglasses are those represented by the general formula (II} above These 30 
compounds exhibit "heliochromic" properties to a marked degree. The term "heliochromic" is 
used to describe the following desirable photochromic properties for an effective agent to be 
used in photoreactive lenses, vir:- 
(a) a high quantum yield for colouring in the near ultra-violet. 
35 (b) a low quantum yield for bleaching with visible light. 35 
(c) a fast thermal fade at ambient temperatures. 

In addition, these properties are desirably retained in the conventional rigid plastics used for 
opthalmic and piano lenses. 
In order to facilitate identification of the photochromic compounds described in this specif ica- 
40 tion, the following code will be used hereinafter to designate the basic chromene (HC1, HC5 etc) 40 
in which the number indicates the first benzannelated carbon. 
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For sunglass applications, we currently prefer a£Jarnentane-2-sp!ro-2 1 |2H-'i.2b-naphthopyrEn} 
and its derivatives (the IKC7 series). TSta structural fcrmu!a of these compounds ara given in 
sheet 1 of the attached formulae drawings, formula (V). Examples of specific derivatives are 55 
those in which R s in formula (V). sheet 1— represents lower alkyl e.g. methyl, chlorine, bromine 
phenyl, hydroxy, methoxy or methoxy phenyl. Compounds of formula (V) may also be substi- 
tuted in other positions and the nature of these substituents has little effect on the photochromic 
behaviour of the compounds, except in the 3 and 4 positions where certain substituents can 
cause steric interactions in the coloured form produced on ring-opening, as discussed below 60 

On irradiation of compounds of formula (V) with U.V. light, the pyran ring opens reversibly at 
the carbon-oxygen bond between the spiro carbon and the ring oxygen, to form cis and trans 
structures (VI) and (VII) (Sheet 1). The ring-opened structure can be represented as a polar state 
(XI) having a conjugated chain extending from the adamantane ring to the oxygen, (see lower 
part of sheet 1). The formation of this polar conjugated structure is believed to be responsible 65 
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for the colouring of the compounds on exposure to U.V. light. 

Compounds of formula (V) in sheet 1 undergo a colour change from colourless to yellow on 
exposure to U.V. light. A bathochromic shift in the absorption spectra of the coloured form will 
occur if the chromophore is lengthened. This can be achieved, for example, by introducing a p- 
methoxyphenyl group in the R 8 position in formula (V). The structure of this compound is shown 
in sheet 4 (formula 9) of the accompanying formulae drawings, in which 



C Ad 

10 



10 



represents an adamantylidene group. In this case, in the coloured, excited state, the electron 
releasing p-methoxyphenyi group brings about electron migration to the adamantylidene group 
resulting in a much longer conjugated system extending between the dipoles, (see formula 9A). 
Consequently, the compound 9, as expected, produces a red coloured form on irradiation. The 
15 methoxy group in the 9 position in the naphthopyran has no marked effect on the colour and is 15 
present as a substituted because of the method of preparation, it wiii be appreciated that other 
electron releasing groups could be introduced into the basic nucleus to produce similar electron 
migrations, e.g. an alkylamino, aminophenyl, or an alkyl- or dialkyl- aminophenyl group could be 
introduced in the 6 position. 
20 Benzannelation, on the other hand, causes a hypsochromic shift in the absorption spectra of 20 
the coloured form. This is illustrated by a comparison between the absorption spectra of the 
HC1 and HC7 series of compounds. Thus, HC1 itself, has a yellow/orange coloured form while 
HC7 is yellow when irradiated. Similarly, 6-p-methoxyphenyl-9-methoxy-HC7 has an adsorption 
maximum at 488 nm (red) while the absorption maximum of the corresponding 6-p-methoxyphe- 
25 nyl-HC1 is at 512 nm (red-purple). 25 
Another approach to obtaining different absorption characteristics in the coloured forms is to 
annelate the basic nuclei with heterocyclic rings, especially an oxygen or sulphur-containing five 
or six-membered ring. For example, the compound (3) (sheet 2) can be regarded as a lactone 
derivative of HC1 having a fused pyrone ring in the 6,7 positions. This compound, on irradiation, 
30 is capable of existing in a polar state in which a conjugated chain extends from a negative 30 
charge on the carbonyl oxygen of the lactone ring to the spiro carbon of the adamantylidene 
ring. See structures 3A and 3B. As a consequence of this extended chromophore, the com- 
pound (3) has an absorption maximum in the purple/blue range. Compound (3) can be prepared 
from 7-hydroxy coumarin and ethynyl-adamantanyl chloride. 
35 Conventional photoreactive inorganic glass lenses containing silver halide particles darken to a 35 
grey or brown colour in sunlight. In order to duplicate this colour change in a plastics lens using 
photochromic chromenes described in this application, the compounds can be mixed or used in 
conjunction to produce the desired shade on exposure to U.V. light. For example, a compound 
which colours to yellow can be blended with a compound which colours to purple to produce a 
40 brown shade. Similarly, a compound which is yellow in its coloured state will produce a grey 40 
shade in conjunction with a blue colouring compound. 

Many of the heliochromic compounds described in our U.K. patent application No.8422200 
(publication No.2 146327) colour to purple or blue and these compounds can be used in admix- 
ture with or in conjunction with yellow-colouring heliochromic compounds described in this 
45 application. 45 
The photochromic compounds, when used in sunglass applications, must be capable of fading 
to the colourless state at normal ambient temperatures when not exposed to U.V. light, h is not 
necessary for the photochromic compounds, where two or more are used together, to fade at 
the same rate. It may be considered desirable, for example, for the more deeply coloured 
50 compound to fade more rapidly. 50 
The fade rate of the compounds of general formula (II) above can be modified, for example, by 
introducing substituent groups in the R 4 position. For example, if bulky groups are present in this 
position tha ofranga batweara tha structural forms represented by formula (V!) and (VII) (sas 
formulas drawings — sheet 1), wEI ba hindered and tha fads rate correspondingly increased. 
55 Modification of tha structure of a particular photochromic compound rney ba desirable cm certain 55 
cases in order to ensure that the colour fades rapidly enough when moving from bright sunlight 
to shaded conditions. Examples of suitable substituents in for R 4 is methyl, phenyl, paramethoxy- 
phenyl and halogen. Preferably, R 3 is hydrogen. The corresponding phenanthrene compounds 
also exhibit an increased fade rate. 
60 Benzannelation of the chromene can influence both the colour change on irradiation, as well as 60 
the fade rate of the coloured form. This is illustrated by the behaviour of the compound HC57, 
(see sheet 5 of the formulae drawings), which can be regarded as HC7 bercannelated in the 5, 
6 positions. HC7 has two fade rates. A fast fade rate which is attributable to the cisoid form (1) 
and a slower rate attributable to the transoid form (2). Similarly. HC5 shows two fade rates 
65 which are both faster than the fade rate of the transoid form of HC7 (2). 65 
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The explanation seems to be that the transoid form of HC5 (4) is subjected to greater steric 
interactions than the transoid form of HC7 (2). Consequently, there is a loss of thermodynamic 
stability in the transoid form and the cisoid isomer is preferred. 

In the case of HC57. the benzannelation increases the stability of the coloured form but this is 
5 partly offset by steric interactions in the transoid form HC57 (6), similar to those of HC5 (4). As 5 
a result, the fade rates of the coloured form of HC57 lie between those of HC5 and HC7. 
Benzannelation in HC57 produced, as expected, a hypsochromic shift in the absorption spectra 
of the coloured form. 

Heliochromic spiropyrans in accordance with the present invention are sufficiently stable to be 
10 capable of incorporation in conventional plastics lens material such as acrylic materials, without 10 
appreciable degradation. 

The heliochromic spiropyrans of this invention can be added to a polymerisation mixture from 
which plastics lenses are intended to be produced. For example, in one test methyl methacrylate 
(5ccm) containing the compound of formula (V) (sheet 1. R 8 =H) (0.1 5g) and benzoyl peroxide 
■ iu. ivi M) woo puiyinDiioou uy iicauuL) ai iuu o iui ow miliums, i ne resulting poiymer was touna lo 
to be heliochromic, which indicates that the heliochromes are able to survive the conditions 
prevailing in peroxide-catalysed polymerisations. 

The heliochromic compound need not be incorporated in the lens material. It is also possible 
to apply a coating of the heliochromic compound to the preformed lens or to imbibe the lens in 
20 a solution of the compound. Where more than one heliochromic compound is employed, one 20 
compound may be incorporated in the lens polymer and a second compound applied subse- 
quently to the lens after manufacture. Alternatively, two or more heliochromic compounds may 
be imbibed or otherwise incorporated into the preformed lens. 
Generally it is envisaged that the compounds of this invention will be used to render photo- 
25 reactive the usual types of plastic lenses; these are essentially polycarbonate and alkyl acrylate 25 
and methacrylate lenses. The most commonly used material for plastic lenses is diethylene glycol 
bis (allyl carbonate) usually known as CR-39 (CR-39 is a trade mark of P.P.G. Ltd.). Methods of 
manufacturing plastic lenses are described for example in U.S. Patent Nos. 3,944,637, 
2,542,386 and 3,4094,861, the disclosure of which are incorporated herein by reference. 
30 30 
A General Procedure for the Synthesis of Adamantane spiropyrans (See Sheet 3) 

The following procedure can be followed to prepare spiro pyrans in accordance with the 
invention. It will be appreciated that chromene is an alternative name for benzopyran. Thus, 2H- 
chromene is an alternative name for 2H-1 -benzopyran. 
35 35 
3.1a Condensation 

Adamantanone {1 mole), the o-hydroxyacetophenone (1.1 mole) and a cyclic secondary amine 
(1.2 mole) are dissolved in toluene (1 cm 3 for each g of reactant) and boiled (5-24hours) until 
water is no longer produced. The water is removed as an azeotrope with toluene using a Dean 
40 and Stark apparatus. Toluene is then removed under reduced pressure and the residual enamine 40 
is recrystallised. from acetone or ethanol. 

3.1b Hydrolysis 

The enamine is dissolved in the minimum quantity of boiling methanol and c. hydrochloric acid 
45 (1cm 3 for every 10g of enamine) is added. On standing, the chromanone sometimes crystallises 45 
out. If the yield of chromanone is low, the solution is heated to boiling and hot water is added 
until the solution becomes turbid. On cooling, the chromanone separates. 

3.1c Reduction 

50 Sodium borohydride (1g per 2.5g of chromanone) is added in small portions to the chroma- 50 
none in methanol (3cm 3 per g of chromanone). When the addition is complete, the reaction 

mixture is boilsd (2 hours) end methanol removed under reduced pressure. The residue is added 
to water, extracted with chloroform, dried (tWgSOJ and solvent removed, leaving the crude 
chrcmanc!. 
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3. Id Dehydration 

Solvated copper sulphate, CuS0 4 .5H z O is heated strongly in a boiling tube with a bunsen 
burner until no more water is evolved. The resulting anhydrous copper sulphate is admixed with 
the chromanol(1g per 2g of chromanol) in a flask and heated with a bunsen burner until the 
60 organic compound melts. On cooling, the reaction mixture is extracted with chloroform, solvent 60 
is removed and the residual chromene is recrystallised from acetone or ethanol. A decolourisa- 
tion with activated charcoal may be necessary. 

Alternatively, the compounds of the present invention may be prepared by a novel process 
based on the Claisen rearrangement. This process provides a general procedure for preparation 
65 of chromene derivatives and is not limited to the preparation of spiropyrans. 65 
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This novel process provides a general procedure for the preparation of chromene derivatives, 
comprising heating a phenol with an appropriate propargyl derivative in a solvent in the presence 
of a suitable catalyst under mild reaction conditions. 

In contrast with reaction conditions normally employed in Claisen rearrangements, the process 
is carried out at relatively low temperatures, e.g. in boiling xylene or toluene and in the presence 
of a suitable catalyst. Generally, the reaction temperature should not exceed about 1 80°C and is 
preferably not more than 160°C or less. The reaction can be expressed in general terms as 
follows:- 




in which (A) can be any phenol and (B) a propargyl alcohol derivative, such as a propargyl 
acetate. The reaction is catalysted by alumina and proceeds at relatively low temperatures with a 
marked absence of side reactions. In place of the acetate it is possible to use any aliphatic or 
aromatic carboxylate, e.g. the propionate or benzoate. 

20 Improved yields are obtained using a propargyl acetate and heating this with a phenol in a 
solvent such as xylene in the presence of acidic alumina as catalyst. Surprisingly, these relatively 
mild conditions bring about a Claisen rearrangement whereas the traditional reaction conditions, 
e.g. heating to about 210°C in strongly acid conditions, caused thermal decomposition of the 
reactants and/or desired product. 

25 The new process provides a convenient one-step synthesis of chromenes using any phenol 
and the appropriate propargyl acetate or other propargyl alcohol derivative. 

Propargyl acetates can be prepared by reacting an appropriate ketone with lithium acetylide. A 
lithium acetylide/ethylene diamine complex is added with stirring to a solution of the ketone in a 
suitable solvent, such as tetrahydrofuran or dimethyl sulphoxide. The product is the correspond- 

30 ing propargyl alcohol and the alcohol is conveniently converted to the acetate by reaction with 
acetyl chloride in a suitable solvent. This process is illustrated in Examples 16 and 17. 

The compounds of the present invention and their photochromic properties and procedures for 
their preparation, is illustrated by the following Examples. 

35 Example 1 

The reactions and structure of the intermediates and final products are shown in the attached 
Sheet 3. 
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a) Condensation of adamantanone-with o-hydroxyacetophenone 

40 Adamantanone (100g) (A) was condensed with o-hydroxyacetophenone (1) (lOOg) by boiling 40 
in toluene (1dm 3 ) in the presence of pyrrolidine (25cm 3 ). The water produced was removed as 
an azeotrope, using a Dean and Stark apparatus. Removal of pyrrolidine and toluene left chroma- 
none (2). (33g), yellow crystals from acetone. 
Reduction of chromanone (2) (15g) with sodium borohydride (6g) In methanol (100cm 3 ) gave, 

45 after work up, pure chromanol (3) (12g), as a colourless oil. 45 
Chromanol (3) (12g) was dehydrated by heating (5 min) with anhydrous copper sulphate (5g). 
The product HC1 (adamantane-2-spiro-2 l [2H-1-benzopyran] — see formula (4), Sheet 3, (R 4 , R s , 
R 7 =H) was extracted with and recrystallised from toluene. The U.V. absorption spectrum of the 
product, in its colourless state, is shown in Fig. 1 together with spectra of compounds of other 

50 Examples. 50 

Example 2 

The procedure described in Example 1 was repeated using adamantanone (28g), o-hydroxyace- 
tophEnons (30g) Ercd pyrrolidines (25cm 3 ) and boiiing (5 hours) with rsmoveS of watsr, using a 

55 Dean and Stark apparatus. After cooling, ths toluene solution was extracted with BSVJ hydro- 55 
chloric acid and the aqueous extract was made alkaline using concentrated alkali. The liberated 
oil was separated and triturated with acetone. The resulting soiid was purified by recrystailisation 
from acetone, giving colourless crystals (22g). In this Example, the chromanone (formula (2) in 
sheet (6) reacts with pyrrolidine as shown in the reaction scheme of sheet 6 to give the 4- 

60 pyrrolidino-derivative of HC1 (compound 5), (Sheet 6). 60 
A solution of compound 5 in 1 ,2-dichloroethane, below 10°C, shows a rapid colourless to 
orange/yellow colour change in winter sunshine. On irradiation the compound of formula (5) 
undergoes ring opening to the coloured form, which can exist in the polar states (5A) & (5B). At 
ambient temperatures, the colour fades rapidly. When compound 5 is dissolved in chloroform 

65 (which contains a trace amount of ethanol as stabilizer), the thermal fade occurs much more 65 
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slowly at ambient temperatures (in the correct order for the sunglass application) and because of 
this the solut.ons show a good response on exposure to a flashgun PP " amm} an ° Decause of 
™^™ Cmjrn ° f con ?P° u und 5 in 1.2-dichloroethane shows a strong absorption in the 
5 300-350 nm reg.on wh.ch gives rjise to the orange/yellow photocolouration 

Example 3 

/9m^f ta !l 0ne °- h y drox y a cetophenone (15g) and morpholine (lOcm*) in toluene 

(200cm3} and pyrrolidine (0.3cm*) were boiled (6 hours) and water removed usinq a Dean and 
Stark apparatus. The reaction mixture was worked up as described in Example 2 Th^ ° P rodu« 
10 which was the corresponding 4-morpholino HC1 derivative, was obtained™ ^louriess c°vstS 

^^sslst product is ,ess responsive to sunii ^ *» £££225£gs 

Example 4 

15 Adamantanone (24a), o-hvdroxvacet-nnhonnna it 

were bo.led (3 days) and water separated. Work up as described in Example 2 aave (5 5o) of 
colour ess crystals from acetone. The product, which is the corresponding 4 -pTperidfno HC 
denvative. resembles the product of Example 3 in its heliochromic properties 

20 Example 5 

J^TInT ° f thB ^"V™* 5 of Examples 2,3 and 4 were prepared by heating adamantanone 
w.th a 10% excess of the appropriate o-hydroxyacetophenone and a 50% exceslof Te cS 
secondary amme in toluene (6-72 hours) with removal of water. Work up was as described n 
Example 2 and the compound was purified by recrystallisation from acetone described .n 

25 The 6-methyl derivative of the Example 2 product was prepared starting from 5-methvl-2- 
5h2E?C P r T d PY rro, ! dine - The P r °duct was obtained as a colours oTvMch 

, T i 8 5 /- dim «M derivative of the Example 2 product was obtained as colourless crystals 

5. 7. Preparation of 5>,7<-Dimethyl-adamantane-2-spiro-2< [2H-1-benzopyranl 
35 din* n^T- ^'^''^V'-f-hydroxyacetophenone (250g). adamantanone (250g) and pyrroli- 

d nn L 9, I toluene M 1d ™ 3 > was "oiled (5 hours) and water separated. Touene was removed 35 

and the residue crystallised from acetone, giving the 5.7-dimethyl-derivative of the enamTe o? 

formula (4) in sheet 3,(R°, R 7 =Me and R«= pyrrolidine) (430g) y ^ envarive OT tne of 
Hydrolysis of the enamine (300g) with cone. hydrochloric acid (25cm 3 ) in methanol (250cm3» 

followed by d.lutoon with water, gave the 5,7^iimethyl chromanone (3) ( 78g) >' 
40 The chromanone (85g) was reduced with sodium borohydride (30g) in methanol (1 5drr.3) and an 

5 ?X U l n9 . J mde ? hr0 ™™[ {4) Was de "y^t« d with anhydrous copper^ujhate (25gMo gTve 
5,7-d.methyl-der.vative of HC1 as colourless crystals (51g), from acetone. 

5.2 Bromination of 6,7-Dimethyl-HC1 

Bromine (2 3g) was added dropwise to a solution of the compound obtained in Examole 5 
<5g) in chloroform (SOcm*). When addition was complete, s-collidine (10cm? was added and the 
ruction mixture boiled (6 hours). Work up gave an oil containing a mixtum of products from 
wh,ch the 6,8-d,b r omo-5,7-dimethyl-derivative of HC1 was isolated as colours crySs 

50 5.3. 4.5,7-Trimethyl derivative of HC1 

iSh^T^ %HSn nn? n f h SiUm b ™ mide in W3S addad to 5.7-dfmethyl-chromanone (2) 
ch5£ ac=d WoSfJ' l h °T T? " hour) and peered fnto <f:! U t 0 hydro! 

cn orrc ac ca Work up go v© en c:l which was boi!ed in toluene containing a few crystals of o- 

or fcxample 1 was obtained as colourless crystals. 
5.4. Heliochromic Response of 5.7-Dimethyl-derivatives of HC1 

1 S C hlornXnZL de | riVat ! Ve Sh ° WS 8 c ° lourless to ° ran 9« colour change on filter paper or in 
fin ili w ^ ? ' OW tem P eratures - The 6,8-dibromo-5.7-dimethyl-derivative shows a colour- 
60 less to red colour change under similar conditions. The 4,5.7-trimethyl and 4^eSo^5tawSl SO 

SUCH 3 lnCreaSe the thermal fade of their cotowST forn\s thafno M 

heIiochrom.c response can be detected for chloroform solutions, even at -60"C 
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5.5. Vie Synthesis of 7-Methoxy Derivatives of HC1 
Because of its electron releasing properties, the introduction of a 7-methoxy group into the 
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compound of Example 1 might be expected to give rise to a coloured form with enhanced 
dipolar character compared to the compound of Example 1, which would influence the absorp- 
tion characteristics and the thermal fade rate of the coloured form as illustrated below:— 

5 Preparation of 7 Methoxy-HC1 5 
A mixture of 2-hydroxy-4-methoxyacetophenone (lOg), adamantanone (9g), pyrrolidine (5cm 3 ) 
in toluene was boiled (10 hours) and water was separated. Solvent was removed and the 
residue crystallised from acetone to give the corresponding chromanone (6g>. 
The 7-methoxychromanone (2.8g) in methanol was reduced with sodium borohydride. The 
10 reaction mixture was boiled (1 1/2 hour), methanol removed and the residue dissolved in ether 10 
and washed with water. Work up gave the chromanol (1.1g), which gave colourless crystals 
from petroleum, (b.p. 60-80°C). 

Crude 7-methoxychromanol (4g) was heated with anhydrous copper sulphate (1.3g) in a test 
tube over a bunsen flame for several minutes. The product was cooled and extracted with hot 
15 petroleum, from which the 7-Methoxy-HC1 compound (1.2g) crystallised. 15 
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sponse on exposure to a flash gun and an acceptable thermal fade at ambient temperatures. 

5.6. Preparation of 4-p-Anisyl-7-methoxy-derivative of HC1 

20 7-methoxychromanone (2.3g) (Example 5.5) in tetrahydrofuran was added to a solution of p- 20 
anisylmagnesium bromide [from p-bromoanisole (18.7g) and magnesium (2.4g) in tetrahydrofuran 
(100 cm 3 )]. The reaction mixture was boiled (1 hour), part of the solvent removed, and the 
residual oil poured into dilute hydrochloric acid. Work up gave the 4-p-anisyl-7-methoxy-deriva- 
tive of the Example 1 compound, (1.9g), as colourless crystals from ethanol. 

25 The thermal fade of the coloured form of this compound is so rapid (attributed to steric 25 
effects of the bulky 4-p-anisyl group) that the colourless to orange colour change on exposure to 
a flash gun be seen only with difficulty on cooled impregnated filter paper. 

5.7. Synthesis of 6-Methyl-derivativa of HC1 

30 A mixture of 2-hydroxy-5-methylacetophenone (5g), adamantanone (5g) and pyrrolidine (3g) in 30 
toluene (100cm 3 ) was boiled (17 hours) until all the water had separated. Toluene was removed, 
leaving the 6-methyl-derivative of the Example 2 compound as an oil which could not be induced 
to crystallise. It was hydrolysed by boiling with cone, hydrochloric acid (3cm 3 ) in methanol 
(100cm 3 ) to the chromanone. Reduction of the latter with sodium borohydride in methanol gave 

35 the chromanol in near quantitative yield. Dehydration of the chromanol with anhydrous copper 35 
sulphate gave 6-methyl-derivative of the Example 1 compound as colourless crystals after recrys- 
tallisation from acetone. 

5.8. Synthesis of 6,7-Dimethyl derivative of HC1 

40 A mixture of 2-hydroxy-4,5-dimethylacetophenone (10g), adamantanone (lOg) and pyrrolidine 40 
(5g) in toluene (75 cm 3 ) was boiled (10 hours) and water separated. Removal of solvent left the 
6,7-dimethyl-derivative of the Example 2 compound as an orange oil which could not be induced 
to crystallise. It was hydrolysed with cone, hydrochloric acid (0.5cm 3 ) in methanol (50cm 3 ) to the 
chromanone. Reduction of the latter with sodium borohydride (2.5g) in methanol gave the 

45 chromanol which was dehydrated by heating with anhydrous copper sulphate (2g) to give the 45 
6,7-dimethyl derivative of the Example 1 compound (3.1g), pale yellow crystals from ethanol. 

The 6-Methyl- and 6,7-dimethyl derivatives of the Example 1 compound in chloroform or 
dichtoroethane at ambient temperatures, change from colourless to orange on exposure to a 
flash gun, with a thermal fade rate at ambient temperature suitable for the sunglass application. 

50 Their behaviour in this respect is superior to that of the product of Example 1 . 50 

6.9 Synthesis of 6-Phenyl-derivatives of HC1 

A mixture of p-phanylphsrtol (85g), acstic anhydride (200cm 3 ) and cone, sulphuric acid (10 
drops) was boiled (1 1/2 hours), cooled and poured into water. The acetate was filtered off and 

55 recrystallissd from ethanol, giving colcurfsss crystals in rtsar quantitative yie'd. 55 
The acetate (42g) in tetrachloroethane (100 cm 3 ) was added to anhydrous aluminium chloride 
(30g) in tetrachloroethane (100cm 3 ) and heated (2 hours) at 140°C with stirring. The rection 
mixture was cooled and poured onto hydrochloric acid and crushed ice. Work up gave 5-phenyl- 
2-hydroxy-acetophenone (35g). 

60 A mixture of 5-phenyl-2-hydroxyacetophenone (35g), adamantanone (25g) and pyrrolidine 60 
(17cm 3 ) in toluene (250cm 3 ) was boiled (3 hours) and water separated. Toluene was removed 
and the residual 6-phenyl-derivative of the product of Example 2 boiled (20 minutes) with 
methanol (200cm 3 ) containing conc.hydrochloric acid (2cm 3 ). Work up gave the chromanone 
(18. 5g). The chromanone (12.5g) was reduced with sodium borohydride (4g) in methanol (150 

65 cm 3 ). Work up gave the chromanol (8g), as colourless crystals from dichloromethane and light 65 
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petroleum. The chromanol was dehydrated by heating {10 minutes) with anhydrous copper 
sulphate (1.5g). The 6-phenyl derivative of the Example 1 compound was extracted with dichlo- 
romethane and recrystaliised from acetone, pale yellow crystals, m.p. 114— 5°C, (3.8g). 
The 6-phenyl-derivative impregnated into paper or dissolved in dichloroethane changed from 
5 colourless to purple on exposure to a flash gun with a thermal fade at ambient temperatures. 5 

5. 10. Synthesis of the 8-propyl HC1 derivative (5) (Sheet 9. Scheme 2) 

3-Acetyl-5-propyl-5,6,7,8-tetrahydro-2-naphthol (1) was reacted with adamantanone and pyrro- 
lidine in toluene to give the corresponding derivative of the Example 2 compound (2) which was 

10 hydrolysed, with methanol containing a few drops of cone, hydrochloric acid, to the chromanone 10 
(3). Reduction of the chromanone (3) (2.7g) with sodium borohydride (0.7g) in methanol, gave 
the chromanol (4) (2.7g), which was dehyrated by heating with anhydrous copper sulphate (1g) 
to yield the product (5) colourless crystals from methanol (1.8g). 
When exposed to a flashgun, the product impregnated into filter paper or dissolved in dochlo- 

15 roethane, showed a colourless to orange-red colour change with an acceptable thermal fade rate 15 
at ambient temperatures. Compared to the 6-methyl- and 7-methoxy-derivatives of HC1, its 
photochromic response was weaker. 

Example 6 

20 Synthesis of compounds of HC7 series (Sheet 9, Scheme 1) 20 
A mixture of 1-hydroxy-2-acetonaphthone (10.1g), (1A), adamantanone (9g) and pyrrolidine 
(10cm 3 ) in toluene (300cm 3 ) was boiled (10 hours) and water separated. The yellow reaction 
mixture turned first crimson and then dark brown. Toluene was removed under reduced pressure 
and the residual enamine crystallised from acetone as discoloured crystals (8g). The enamine (2) 

25 (10g) was treated with cone, hydrochloric acid (1cm 3 ) in methanol (200cm 3 ). The crimson 25 
solution was evaporated and the residual dark oil crystallised from acetone, yielding the chroma- 
none (3) (8.4g) as yellow needles. The chromanone (0.5g) was reduced by sodium borohydride 
(0.5g) in methanol to yield the chromanol (4) (0.32g) which was heated with anhydrous copper 
sulphate to give HC7 (formula (5) R=H) (0.28g) as a discoloured solid which was decolourised 

30 with activated charcoal and recrystaliised from acetone. 30 
Solutions of the product in chloroform of dichloroethane show a colourless to intense orange 
colour change on exposure to a flashgun, which fades to yellow at ambient temperatures. On 
warming the solutions, the yellow colour fades completely. 
The spectrum of the product in dichloromethane shows the required shift of the absorption 

35 band in the ultraviolet region (see Fig. 1). The spectrum of the product of this Example before 35 
and after exposure to a flashgun is shown in Fig. 2. 

Example 7 

4-Phenyl derivative of HC7 

40 Phenyl lithium in eyefohexane and ether (10cm 3 of a 2.47 molar solution) was added to the 40 
chromanone of Example 6 (1.8g) in tetrahydrofuran (50cm 3 ) under nitrogen. The mixture was 
stirred (1/2 hour) and poured onto ice. The organic solvents were removed and the aqueous 
layer acidified with hydrochloric acid and extracted with toluene. Work up gave the 4-phenyl- 
derivative of the HC7 (Sheet 5, formula (V), R 8 =H R«=C 6 H B (2g), a colourless crystalline powder 

45 after crystallisation from acetone. The 4-phenyl-derivative was not heliochromic at ambient tern- 45 
peratures but in chloroform at — 60°C, the solution turned orange-red, on exposure to a flash 
gun. Its UV absorption spectrum is shown in Fig. 1. 

Example 8 (see sheet 5) Preparation of HC57 

50 8. 1 Preparation of 2-Adamantylideneethan-1-ol (8) 50 
Ethyl adamantylideneacetate (7) (31g) in tetrahydrofuran (50cm 3 ) was added dropwise to a 
suspension of lithium aluminium hydrida (5.2g) in tetrehydrofuran (30cm 3 ). Whan the addition 
was complete, the reaction 0°C, allowed to warm up to room tarrsperatur® end poured onto 
crushed ica. Work up gav© the alccho! (8) (8.8g) as a colourless oii which partially crystallised. 

55 55 

8.2 Preparation of 2-Adamantylidene-1 -ethyl Bromide (9) 

Phosphorus tribromide (8.5g) was added slowly to a stirred solution of adamantylidene ethanol 
(8) (18.8g) in ether (250cm 3 ) at 0"C. The mixture was stirred for 1 hour and then carefully 
poured into water. Work up gave adamantylidene ethyl bromide (9) (19.3g) as a yellow oil. 
60 60 

8.3 Preparation of 2-Adamantylidene 1 ethyltriphsnylphosphonium Bromide (10) 
Triphenylphosphine (19.1g) was added to adamantylidene ethyl bromide (9) (19g) dissolved in 

dry ether. The mixture was boiled (3h) and the phosphonium salt (10) (26g) was filtered off. 

65 8.4 Preparation of the Spiropyran (HCS7) 65 
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A mixture of the phosphonium salt (10) (2g) and sodium methoxide (2g) in dry ether was 
stirred under nitrogen for 1 hour. The solution turned red due to the formation of the phospho- 
rane (11). Phenanthroquinone (0.5g) dissolved in dry ether (100cm 3 was added and the solution 
was boiled (2h) and left to stir at room temperature overnightThe solution was filtered and the 
5 filtrate evaporated. The residue was chromatographed on silica gel and the photochromic com- 5 
pound of formula 12 was recrystallised from ethyl acetate. Its heliochromic response is to yellow 
and its qualitative spectrum in chloroform before and after exposure to a flashgun, is shown in 
Fig. 3. 

10 Example 9 (see sheet 7) Preparation of HC5 Compounds 10 
9. 1 Acetylation 

2-Naphthol (1) (70g) in glacial acetic acid (40cm 3 ) was treated with redistilled boron trifluoride 
etherate (200cm 3 ) and the mixture was boiled (2h). On cooling, 1 -acetyl-2-naphthol (2) (62g) 
crystallised out. 



15 
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9.2 Condensation, Reduction and Dehydration 

A mixture of 1 -acetyl-2-naphthol (2)'(35g) adamantanone (25g) and pyrrolidine (40cm 3 ) in 
toluene was boiled (12h) using a Dean and Stark apparatus. The solution turned first crimson 
and then brown. When all the water had been removed, toluene was distilled off under reduced 

20 pressure and the residual dark brown oil gave solid chromanone (3) (35g) after trituration with 20 
acetone. Chromanone (3) (6g) in tetrahydrofuran (100cm 3 ) was reduced with lithium aluminium 
hydride (1g> suspended in tetrahydrofuran (20cm 3 ). The reducing agent was added dropwise at 
the rate required to maintain gentle reflux in this exothermic reaction. When the addition was 
complete, the mixture was boiled (10 minutes) and stirred (3h). Ethyl acetate was added to react 

25 with the excess lithium aluminium hydride. Solvent was removed and water was added to the 25 
residue. The organic material was extracted into chloroform. The chloroform extract was dried 
over anhydrous magnesium sulphate and filtered. Removal of solvent left chromanol (4,R=H) 
(4.5g). 

Chromanol (4,R=H) (4.5g) was melted and treated with freshly prepared anhydrous copper 
30 sulphate (0.5g) and the mixture was heated gently over a bunsen flame for 10 minutes. The 30 
mixture was cooled and extracted with chloroform. The chloroform extract, on evaporation, left 
chromene (5,R=H), (HC5), which crystallised from acetone in tan coloured needles (2.5g). 

Characterisation of HC5 Chromene 
35 The HC5 chromene shows a heliochromic response from colourless to yellow and a much 35 
faster thermal fade than the compound of Example 6 at ambient temperatures. The coloured 
form can exist in the cis and trans configurations (6) and (7) (Sheet 7). 

Example 10 

40 Preparation 4-methyl- Derivative of HC5 40 
Chromanone (3) (Sheet 7) (2g) in ether (100cm 3 ) was treated, under nitrogen, with methyl- 
lithium (1.5 molar solution in ether, as a complex with lithium bromide (20cm 3 ) and boiled (4h). 
The mixture was poured onto ice and carefully acidified. Work up gave the chromene (S.R^Me) 
(Sheet 7) (0.5g). A solution 4-methyl-HC5 (5,R=Me) in chloroform at liquid nitrogen temperatures 

45 is heliochromic, showing a colourless to yellow colour change with a rapid fade at this tempera- 45 
ture. The lack of photochromic properties at ambient temperatures is attributed to an extremely 
fast thermal fade. 

Example 11 

50 Preparation of 4~Phenyl HCS Derivative 50 
Chromanone (3) (Sheet 7) (1.5g) in tetrahydrofuran (20cm 3 ) was treated with phenyMfthium 
(2.7 molar solution in diethylether/cyclohexane) (20cm 3 ) under nitrogen. The mixture was stirred 
(1/2 h) and poured onto crushed ice. Work up gave an oil which crystallised from acetone 
togivQ 4-pheny!-HC5 J5,R=Ph) (Shast 7) as fine crystals (l.Sg). 

55 Like 4-nrt3thyl-KC5 {5, (FS=GVlsj, 4-phenyl-KC5 (5, R=Wls) is not photochromic as ambterat 55 
temperatures, presumably because of the fast thermal fade of the coloured form. At liquid 
nitrogen temperatures, 4-phenyi-HC5 in chioroform, iike 4-methyi-HC5 in chloroform, shows a 
colourless to yellow colour change. The yellow colour fades rapidly. 

60 Characterisation of 4-Methyl and 4-Phenyl-HCS (see Sheet 7) 60 
The interactions of the 4-substituent (methyl or phenyl) with the carbonyl group destabilises 
the yellow transoid form (Structure 7. R=Me or Ph), which isomerises to the less sterically 
hindered yellow cisoid form (Structure 6, R=Ma or Ph), which, in turn shows a fast thermal ring- 
closure to HC5 (Structure 5, R=Me or Ph). 
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Example 12 

12. 1 Preparation of 4-p-Methoxyphenylphenol (2) Sheet 8 
The procedure was as follows:- 

4,4'-Dihydroxydiphenyl (1) (32g 0.17 mol) was dissolved in 2M solution hydroxide solution 
5 (0.34 mol) and dimethyl sulphate (22g 0.175 mol) was added slowly with stirring over half an 5 
hour. The sodium salt of the required product was filtered off and dried. The yield was 24g. 
The sodium salt of the phenol (24g) was treated with acetyl chloride (150 cm 3 ), filtered and 
excess acetyl chloride removed. Work up gave 4-methoxy-4'-acetoxydiphenyl (4) (22g). 

10 72.2 Preparation of 2-Acetyl 4-p-Methoxyphenylphenol (5) 10 
4-Methoxy-4'-acetoxydiphenyl (4) (7g) was subjected to a Fries rearrangement by heating with 
anhydrous aluminium chloride (5g) in tetrachloroethane (50cm 3 ) at 140°C. Hydrogen chloride was 
evolved and the green reaction mixture changed to orange and became viscous. After half an 
hour, the reaction mixture was cooled and 5M hydrochloric acid was added. The organic layer 

15 was extracted with chloroform, washed with water, dried (!VigSG 4 } and filtered. Solvent was 15 
removed from the filtrate. N.m.r. studies showed that the residual yellow oil was a ca. 1:1 
mixture of the required product (5) and a second component. 

12.3 Preparation of 6-p-Methoxyphenyl-HC1 

20 The 1:1 mixture, obtained above (5g) adamantanone (3g), pyrrolidine (2.5cm 3 ) and toluene 20 
(100cm 3 ) were mixed and boiled (4h). A red lower layer was formed which is not observed as a 
rule for these reactions when pure reactants are used. The upper toluene layer was decanted off 
and solvent was removed. The residue was boiled with cone, hydrochloric acid and methanol to 
hydrolyse any enamine to the chromanone (6). 

25 Methanol was removed and the acidic mixture was extracted with ether. Pure chromanone (6) 25 
(0.5g) was obtained from the dried ether extract on concentration and has been retained. The 
chromanone (6) was reduced with sodium borohydride in methanol to the chromanol (7), which 
was dehydrated by heating with freshly prepared anhydrous copper sulphate. 6-p-Methoxyphenyl- 
HC1 (8) was extracted from the copper sulphate with chloroform. The chloroform solution was 

30 impregnated on filter paper. The paper showed a heliochromlc response to purple on exposure 30 
to a flash gun. The coloured potar form is shown in structure (8A). The fade was slower than 
for other HC1 derivatives apart from 6-methoxy HC1. 

Example 13 

35 6-p-Methoxyphenyl-HC7 (See Sheet 4) 35 

a) The preparation of 4,4-bis-p-methoxyphenyl-but-3-enoic acid (5) 

(a) A mixture of anisole (1) (46.6g) and succinyl dichloride (2) (35g) in 1 ,2-dichloroethane 
(100cm 3 ) was added dropwise over 1/2 h to anhydrous aluminium chloride (41.6g) in 1 ,2- 
dichloroethane (100cm 3 ) maintained at 0°C. The mixture was left overnight at room temperature, 

40 diluted with chloroform poured into water, washed with water, and carefully extracted with 10% 40 
sodium carbonate solution. 

(b) The sodium carbonate solution (referred to above) was acidified to give the acid (5) (20g) 
which was boiled with acetic anhydride (100cm 3 ) and sodium acetate (5g) to give 4-p-methoxy- 
phenyl-7-methoxy-1-naphthyt acetate (18g) which was hydrolysed to the naphthol (8) (13.2g). 

45 A mixture of the naphthol (8) (10.3g), adamantylideneacetic acid (7.1g) and boron trifluoride 45 
etherate (100cm 3 ) was boiled for 10 min. Deep red crystals of product (12.3g) separated and 
were filtered off. This product (2.7g) in 1-butanol was reduced with sodium borohydride, giving 
6-p-methoxyphenyl-9-methoxy-HC7 (9) (0.6g) as near colourless crystals from ethanol, m.p. 
208-209°C. Its solutions show a heliochromic response to red i.e. a much deeper colour than 

50 obtained from 6-phenyl-HC7, demonstrating the important and marked effect of the p-methoxy 50 
substituent. The spectra is shown in Fig. 4. 

Example 14 

Preparation of 6-chloro-HC7 (see Sheet 9, Scheme 1) 

55 a) Acetylation and Fries Rearrangement 55 
4-Chloro-1 -naphthol (50g) was boiled with acetic anhydride (200 cm 3 ) containing a few drops 
of conc.sulphuric acid for 1 1/2 hours. The resulting ester (1) (R=CI) was obtained as an oil 
which was dissolved in tetrachloroethane (150cm 3 ) to which anhydrous aluminium chloride (33g) 
was added. When the copious evolution of hydrogen chloride had subsided, the mixture was 

60 heated (1 1/2 h) at 130°C. The dark viscous mixture was poured into ice and hydrochloric acid 60 
and extracted with chloroform.The chloroform extract was dried (anhydrous magnesium sulphate) 
filtered and evaporated, leaving 2-acetyl-4-chloro-1 -naphthol (28g). 

b) Condensation, Reduction and Dehydration 

65 A mixture of 2-acetyl-4-chloro-1 -naphthol (1) (28g), adamantanone (20g) and pyrrolidene 65 
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(20cm 3 ) in toluene (250cm 3 ) was boiled for 3 hours and water was removed. Work up, as for 
HC7, gave 6-chlorochromanone (3) (29g) as dark green discoloured crystals, the n.m.r. spectrum 
indicated that the product is the chromanone (3) except for the highly coloured dark green 
impurity. 

5 6-Chlorochromanone (3) (20g) was reduced with sodium borohydride (11g) in 1-butanol 5 
(300cm 3 ). 6-Chlorochromanol (4) (1 1.9g) was obtained as a dirty white powder. 

6-Chlorochromanol (4) (5.5g) was heated with anhydrous copper sulphate, as previously de- 
scribed, to give the chromene (5), 6-chloro-HC7, decolourised by heating with charcoal in ethyl 
acetate. It crystallised from the same solvent as off-white crystals (6g). 
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Characteristics of 6-Chloro~HC7 

The ultraviolet spectrum of 6-chloro-HC7 in toluene is similar to the spectrum of HC7 in 
toluene and is shown in Fig. 5. The spectra of their coloured forms are also similar, but on 
irradiation under the same conditions, there is a much larger conversion of 6-chloro-HC7 into its 

15 coloured form than is obtained for HC7 and the sensitivity to colouring of 6-chloro-HC7 is higher 15 
than for HC7. Their thermal fade rates are similar. The absorption band of the uncoloureH form 
is shifted to longer wavelengths compared with HC7 to give, on irradiation, a coloured form 
having a high molar extinction coefficient. Thermal reverse and its alteration in toluene under 
irradiation is similar to HC7. The sensitivity to sunlight is significantly higher than the parent 

20 compound. This is summarised below:- 20 

AM-2 Response 
Cod 0D at 8 sec. at 60 sec. at saturation 

HC7 1.66x10"* 0.25 0.59 0.84 

25 6-CI-HC7 1.76x10"* 0.4 0.87 1.2 25 

Cod =Conc. x thickness of sample in cast film of cellulose acetate. 
OD=Optical density 

AM-2 is a standard light source having a spectral output similar to sunlight. 
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Example 15 — (See Sheet 10) (Scheme 1) 

This Example illustrates the preparation of 6-chloro-HC7 by a Claisen rearrangement type 
reaction in the presence of alkali. 

4-Chloro- 1 -naphthol (1) (17.8g, 0.1 mol) was dissolved in a solution of potassium hydroxide 
35 (6.2g, 0.1 mol) in 1:1 water/ethano! (200 cm 3 ) and ethynyladamantyl chloride (2) (19.4g, 0.1 35 
mol) was added slowly with stirring. The mixture was stirred (4 hours) and ether was added 
(100 cm 3 ). The ether layer was separated, washed with dilute KOH solution and then with water. 
The ether layer was dried using magnesium sulphate and filtered. 

The product contained the 6-chloro-HC7 (4), together with the propargyl ether (3) and a large 
40 amount of the ether (5). 40 

The ethynyl-adamantanyl chloride was prepared as follows (see Sheet 2). 

Lithium acetylide, complexed with ethylenediamine (50g) was added slowly to adamantanone 
(A) (82g) dissolved in dry tetrahydrofuran (200cm 3 ). When the exothermic reaction was com- 
plete, the mixture was stirred (3h) at room temperature, poured onto crushed ice and acidified 
45 with dilute hydrochloric acid. Work up gave the alcohol (1) which was treated with thionyl 45 
chloride (200cm 3 ), added gradually with shaking and the reaction mixture was allowed to stand 
at room temperature for 2 hours. Excess thionyl chloride was removed leaving the chloride (2) 
as an oil in near quantitative yield. 

50 Example 16 — (See Sheet 10, Scheme 2) 50 
This Example illustrates the preparation of 6-p-methoxyphenyl-HC 1 by the novel Claisen rear- 
rangement type reaction, using ethynyl adamantanyl acetate and acidic alumina. 

Lithium acetylide/ethylene diamine complex (1 part) is added to a stirred solution in tetrahydro- 
furan of aritenrjantenons (1 part) at a rats such that tifta tsmparatuns is maintainsd bstwesn SO 

55 and 75°C. When the addition is complete, the reaction mixture is stirred at S0°C for 3 hours, 55 
and then poured onto crushed ice (6 to 8 parts). The reaction mixture is extracted with 
dichioromethane, the organic layer is separated, dried over anhydrous magnesium suiphate, 
filtered and the solvent removed from the filtrate. The residue is the ethynyl adamantanyl alcohol 
and was converted to the acetate by reaction with acetyl chloride. 

60 A mixture of p-methoxyphenylphenol (2) (2g), ethynyl adamantanyl acetate (2g) and acidic 60 
alumina (5g) was boiled in xylene for 1 hour. Unreacted phenol was recovered. The product 
contained the desired chromene. 



Example 17 — Preparation of 6-(2' thienyl) HC7T — (See Sheet 11) 
65 (a) A mixture of thiophene (1) <36g) and succinyl chloride (2) (35g) was added over 1/2 hour to 
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a suspension of anhydrous aluminium chloride (41. 6g) in ice-cold 1 ,2-dichloromethane.The reac- 
tion mixture was left overnight and poured into water. The organic layer was separated and 
extracted carefully with dilute sodium carbonate solution. A 3:2 mixture of 4,4-bis(2'-thienyl) but- 
3-enoic acid (6) and 4-(2'-thienyl)-4-oxobutanoic acid (7) <17.5g) was obtained. The mixed acids 
were boiled with anhydrous sodium acetate (5g) in acetic anhydride (100 cm 3 ) for 6 hours. 5 
Acetic anhydride was removed and the residue was extracted with ethanol. Removal of ethanol 
left the acetate (8) (5g) which was hydrolysed with ethanolic potassium hydroxide and acidified 
with hydrochloric acid to give 7-(2'-thienyl) thianaphthen-4-ol (9). 

(b) 7-(2'-Thienyl)thianaphthen-4-ol (9) (3.4 g), ethynyl adamantanyl acetate (3.5 g). and alumina 
(18 g) in xylene (100 cm 3 ) was boiled for 2 hours. The solution showed a heliochromic response 10 
to purple which was deeper than for 6-p-methoxyphenyl-9-methoxy HC7, illustrating the colour- 
deepening influence of the 2'-thienyl group in the 6-position. 

The photochromic compounds of this invention can be incorporated into the plastics materials 
customarily employed for the manufacture of lens. In the case of polyacrylates and methacry- 
iates, such as polymethyl methacrylate (PMMA), the photochromic compound may be included in 15 
the polymerisation mixture. 

The currently preferred method of incorporating the photochromic compounds into plastics 
lenses is by solvent imbibition. This procedure involves immersion of the preformed lens in a 
solution of the heliochromic compound in an inert solvent. 
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CLAIMS 

1 . Photochromic spiro-benzopyrans and sptro-naphthopyrans in which a spiro-adamantane 
group is present in the 2-position of the benzopyran or naphthopyran ring. 

2. Photochromic spiropyrans having the general formula I, II, or III set forth below in which R 3 
to R 10 independently represent hydrogen, lower alkyl, (1 to 5 carbon atoms), aryl, alkoxy, 
hydroxy, alkyl- or dialkylamino, halogen or a heterocyclic group, with the proviso that R 3 or R 4 is 
not hydroxy, alkoxy, or alkyl- or dialkylamino or in the case of formula I, II, or III the benzene or 
naphthalene ring is benzannelated or annelated with a heterocyclic ring. 
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3. A photochromic spiropyran according to claim 2 wherein the heterocyclic annelated ring is 

55 a five or six-membered oxygen or sulphur containing ring. 55 

4. A photochromic spiropyran according to claim 2 having the general formula (II) and which 
is benzannelated in the R S -R B positions. 

5. A photochromic spiropyran according to claim 3, having the general formula (I) wherein a 
fused thiophene. furan or pyrone ring is present in the R 8 — R 7 or R s -R 8 or R'-R 8 positions. 

60 6. A photochromic spiropyran according to any one of claims 2 to 5, wherein R 3 -R 4 are both 60 
hydrogen. 

7. A photochromic spiropyran according to claim 6, wherein R 3 is hydrogen and R 4 is methyl, 
phenyl, paramethoxy-phenyl or halogen. 

8. A heliochromic spiro-naphthopyran having the following general formula:- 
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wherein R B to R<° represent hydrogen, lower alkyl, chlorine, bromine aryl hydroxy, J^V- 
lo'ary.. alkyl- or dialkylamino. aminoary. or •«<v'»*^^ 

group or wherein a fused thiophene, furan or pyrone ring is present in the R -R , R n or n h 
positions and R< represents hydrogen, alkyl, halogen or an aryl group. 

9. A heliochromic spiro-naphthopyran according to claim 8, wherein R 6 is phenyl, chlonne, 
para-methoxyphenyl methoxy, thienyi or furyi. 

10. A heliochromic spiropyran having the following general formula:- 
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15 




wherein R 1 and R 2 each represent one or more substituents selected from hydrogen lower alkyl, 
Sogen. abiding substituted aryl), hydroxy, alkyl- or dialkylamino, alkoxy or a heterocycl.c 
30 qroup and <Ad represents an adamantane group. 

11. A heliochromic spiropyran having the following general formula:- 



20 



26 



30 




wherein R 5 to R° represent hydrogen, lower alkyl, halogen, alkoxy, alkoxyaryl or a 5 or 6- 
membered heterocyclic group or R B and R 7 together represent a fused pyrone ring 

12 An oSSSSc of piano lens which darkens in sunlight and reverts to a pale or cotourless 
conditio^in STght abnormal ambient temperature wherein 'ens has incorporat ed therein 
45 or coated thereon an effective amount of a heliochromic compound as claimed in any one of the 

Pr i3 edi A lenfa'ccording to claim 12. in which the lens is formed from a polycarbonate, alkyl 
^?^£^£* KISS the ,ens is formed from a polymer of a dia^ene 
50 glycol bis<ally. "Jjj- claim 12. 13 or 14. wherein two or more heliochromic compounds 
are employed in conjunction in order to achieve a brown or grey shade in the sunlight-darkened 

Eta i 6' A ons-step Claisen resrrsngsmsnt process for tha prepared of chromans f "^ es 
55 which comprises heating a phenol with a propargyl alcohol dsnvativo in a solvent at a tsmpara- 
turs of less than about 180°C and in the presence of a catalyst. 

17 Tprocess according to claim 16 wherein the propargyl alcohol derivative is a propargy. 
acetate and the catalyst is alumina. 
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